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Methods
In this study, Dark rearing method of light deprivation was used 
and the effects of LD on LGN were studied. 48 male Sparague-
Dawly rats were divided into 4 groups and consisting of 12 rats 
each. Two of the four groups (control groups) were reared in normal 
conditions, 12 hours of light and 12 hours of darkness. The other 
two groups were taken as the trial groups, and were reared into a 
dark room for a month from the 7th postnatal day (PN). Group 1 
(G1) (Trial 37pn): were reared in a dark room for a month; while 
group 2 (G2) (Control) comprised of control rats 37pn; G3 rats 
(Trial 52pn) were reared into a dark room for a month then taken 
back to normal condition for 15 days; and G4 consisted of 52 PN 
control rats. 
The absolute darkness of the dark room was confirmed 
by a film analogue. The present study was carried out in Iran 
University of Medical Sciences, Tehran, Iran in the fall of 2007-
2008. Experiments were carried out according to the European 
Communities Council Directive of 24 November 1986 for the 
care and use of laboratory animals, and the study was approved 
by the Animal Experiments and Ethics Committee of Iran 
University of Medical Sciences. All efforts were made to reduce 
animal suffering. The rats were initially transcardially perfused 
under deep ether anesthesia with a small amount of saline then 
with a fixative solution containing 4% paraformaldehyde and 
0.2% glutaraldehyde in 0.1 M phosphate buffer, pH 7.2. Their 
brains were subsequently removed from the skulls, postfixed for 
18-24 hours, and processed for light and flouresent microscopy. 
Introduction
Development of the visual system (VS) is a very complex 
process which begins in prenatal stages and continues after birth. 
Visual system development after birth is caused by an increase in 
neuronal size and in glial cell number, sprouting, production of 
synapses and myelination. These changes are dependent on specific 
visual stimulus, light.1 Therefore, any kind of light deprivation can 
disturb the developing visual system.2 
The most plastic stages in the development of Visual System 
are called Critical Sensitive Periods in which light stimulus is 
critical for the development of VS.3 Raising animals in total 
darkness (Dark Rearing) or closure of one or two eyes during 
critical periods (Monocular or Binocular Visual Deprivation) may 
change the receptive fields’ characteristics of neurons.4 
Prolonged visual deprivation causes visual cortex neurons 
to lose their responsiveness to visual information coming from 
Lateral Geniculate Nucleus (LGN). 
In 2002, Sengpiel and colleagues showed that retinal activity 
is important for the first formation of VS and it refines VS 
connections physiologically and anatomically.5 Studies by Nucci 
et al. have shown that visual deprivation affects LGN more than 
other parts of the VS.6 It is thought that any turbulences in input 
for instance light deprivation would cause dramatic changes in the 
structure and function of visual areas.7
This study examines the effects of total light deprivation on 
the developing lateral geniculate nucleus, the primary integration 
centre for visual information.
Abstract:
Objectives: This study examines the effects of total light 
deprivation on the developing lateral geniculate nucleus, the 
primary integration centre for visual information
Methods: Sprague-Dawley rats were reared for one month in a 
dark room from 7th postnatal day before eye opening. A group of 
rats was taken back into normal condition for 15 days, and then 
perfused. Coronal sections of LGN were prepared and stained 
with Cresyl Violet and Cytochrome Oxidase to investigate the 
number of neurons, volume and length, as well as neuronal 
activity level.
Results: The results showed that LD for one month causes 
progressive loss of neurons and decreases neuronal activity level 
in the LGN.
Conclusion: It can be concluded that during early postnatal 
development of the rats’ visual system, light deprivation causes 
structural and functional changes in LGN. 
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The anatomical location of the LGN was determined, and the 
boundaries of the LGN according to Paxinos rat brain atlas are: 
laterally, the third ventricle, medially, the interthalamic tract, and 
rostrocaudally from interaural 5.70 mm to interaural 3.70 mm. 
According to Paxinos rat brain atlas, 50µm coronal sections of 
LGN were cut and stained.8
Two different staining methods including Cresyl Violet (to 
study the neuronal density, volume and length of LGN), and 
Cytochrome Oxidase (to study neuronal activity level of LGN) 
were used. The number of neurons was determined using the 
Olysiabioreports. All neurons were counted in every other 
section, and the lengths of single LGN neurons (35-45µm) were 
determined by the Olysiabioreports. Neural density was measured 
according to this formula7:
Multiplication of the total area of LGN section into the 
thickness of the section results in the volume of each LGN section 
where Nn: total number of neurons in each LGN section, V: total 
volume of each LGN section, A: total area of each LGN section, 
Tt: tissue thickness, Ns: total number of sections in each LGN, V= 
A*Tt, neuronal density of each LGN section = (Nn/V), neuronal 
density of LGN= Σ (Nn/V)/Ns. Thickness of the sections (50µm) 
was multiplied by the total number of LGN sections to count the 
length of LGN (length=Tt*Ns).
Cytochrome Oxidase (CO) stains the more active parts of the 
VS dark brown and the less active parts pale yellowish brown (Figs. 
1E, F, G, H). CO shows the function of an area not the function 
of a single neuron.9 Results were analyzed using SPSS and Excel. 
Statistical analysis was performed using the Paired T-Test and 
Kruskal-wallis test.
Results
After measuring the morphometric, functional and histological 
parameters results showed that between G1 (Trial 37pn) and G2 
(Control 37pn), results from the cresyl violet test showed that 
neuronal density, volume and length of the LGN were lower in G1 
than in G2. (Tables 1-3, Fig 2) 
Neuronal loss in G1 was not significant but the decrease in 
volume and length of LGN in G1 was statistically significant. 
While, results from the Cytochrome Oxidase test, showed that 
neuronal activity level of the LGN in G1 was lower than in G2. 
(Figs. 1C & D)
A comparison between G3 (Trial 52pn) and G4 (Control 52pn) 
is demonstrated in Tables 1-3, and Fig. 2. Results from the cresyl
violet test showed that neuronal density, volume and length of
the LGN in G3 were lower than those in G4, but the differences 
were not statistically significant. Hence, the results of Cytochrome 
Oxidase test showed that neuronal activity level of the LGN in G3 
was lower than in G4. (Fig. 1E & F)
Table 1: Showing the mean rank of the Volume of LGN in 
different groups
Group Mean Rank Kruskal-Wallis Test
G1 7.17




Table 2: Showing the mean differences of length of LGN in 
different groups

























Table 3: Showing the mean differences of Neuronal Density of 
LGN between different groups

























Results from the cresyl violet test showed that neuronal density of 
the LGN in G2 (Control 37pn) was higher compared to G4 
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Figure 2: Histograms showing different parameters considered in 
this study. (G1: animals reared in dark room for a month from 
7th PN; G2: control 37 PN rats; G3: reared in dark room for a 
month then taken back into normal condition for 15 days; and G4: 
control 52 PN rats.)
Monocular and binocular suture have been used to study the 
complex visual system and the extent and variety of changes after 
deprivation depend on timing and method in spite of the fact that 
these changes could be affected by surgical stresses.14,15,16 
Since the presence of retina and its activity is critical to induce 
changes in the visual system, one cannot study the effects of light 
as a special visual stimulus by enucleation or lid suture. Among 
different methods, total light deprivation which was used in this 
study is the most appropriate method to study the effects of light. 
Neonate rats without any surgical operation of the retina or on 
any other visual areas were placed in a dark room and once the 
deprivation was over, they were prepared to be studied.
The results from this study showed that total light deprivation 
caused histological, morphometric and functional changes in 
LGN. The changes include neuronal loss, decrease in volume and 
length of LGN and decline in neuronal activity levels. (Figs. 1 & 
2, Tables 1-4)
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Figure 1: Cresyl Violet and Cytochrome oxidase staining of LGN. 
A & B: Cresyl Violet showing the density of neurons in one LGN 
coronal section. C (G2), D (G1), E (G4) & F (G3): Cytochrome 
Oxidase (CO) showing the activity level of LGN (CO stains the 
more active parts of visual system into dark brown and less active 
parts to pale yellowish brown). Arrows are indicating the LGN. 
Scale bars (A: 2mm, B: 500µ, C: 5mm, D: 5mm, E: 5mm, F:5 mm)
While a comparison between G1 (Trial 37pn) and G3 (Trial 52pn) 
is depicted in Tables 1-3 and Fig. 2. 
 Discussion
The visual system is plastic in response to altered visual stimuli, 
and visual deprivation in early postnatal life causes vast changes 
in visual dominance and results in a decline in visual responsive 
neurons in the visual cortex.10 The effects of total light deprivation 
including decreases in synaptic density, synaptic spines, neuronal 
size and number has been reported in different biological models 
such as primates,11 rats,12 and mice.13 Since early 20th century, 
different methods of visual deprivation such as enucleation,
(Tables 1-3, Fig. 2). The volume and length of LGN was lower in 
G2 than in G4, but there was no statistically significant difference 
between the two groups. On the other hand, results from the 
Cytochrome Oxidase test (Figs. 1C & E) suggest that neuronal 
activity levels of the LGN in G1 swas the same as that observed 
for G4.
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A variety of studies have shown similar results. Fifkova et 
al. reported that monocular lid suture in 14pn rats decreases the 
volume of LGN.17 While Heumann et al. in 1980, claimed that 
binocular enucleation causes a 27% decrease in neuronal number, 
25% decrease in Glial cells number and 57% decrease in total 
volume of LGN.16 From this current study, it would appear that 
neuronal loss and decrease in volume and length of LGN was due 
to cell death.18 
However, Nucci et al. reported that short term visual 
deprivation in sensitive periods causes the visual cortex to lose 
responsive neurons.6 Then again, Nucci et al. in 2000 showed that 
visual deprivation causes apoptosis in LGN of neonate rats. As a 
result of cell death, the number of viable neurons is progressively 
decreased as the deprivation period increases.18 They reported 
that apoptosis is responsible for neuronal loss in LGN. After 
deprivation retinal neurons are active enough to induce synaptic 
changes in LGN.19 Presynaptic retinal activity is necessary to 
induce cell death in LGN.18 Omitting presynaptic retinal activity 
by intra ocular injection of tetrodotoxin prevents increasing 
apoptotic cell number.20 Hence, different authors have shown that 
the ablation of optic nerve prevents cell death in LGN.21
The importance of retinal activity to induce deprivation 
mediated cell death in LGN has been confirmed further 
by a variety of methods that block synaptic transmission of 
neurotransmitters.22 In this study, the retina was intact but 
deprived from light, therefore, retinal activity could have been able 
to induce cell death in LGN. Data have shown that during visual 
deprivation, retinal synaptic terminals transmit a signal which 
could be responsible for excessive release of nitric oxide (NO) and 
activation of the mechanisms of apoptosis.23 
The most important candidate for these changes could be 
glutamate, an excitatory neurotransmitter which is released by the 
optic nerve in LGN.23 Visual deprivation during critical sensitive 
periods causes abnormal stimulation of glutamate receptors 
in LGN which activate NO synthase (NOS). NOS activation 
in turn causes excessive release of NO in LGN. NO breaks the 
DNA which activates PARP (poly ADP-ribose polymerase, which 
is attributed to causing a rapid drop in energy stores of neurons 
which consequently leads to cell death.24 This study showed that 
the decrease in LGN neuronal number because of cell death is 
associated with a decline in neuronal activity level.24,25 This would 
have been achieved because the toxic activity of NO and activation 
of PARP inhibit mitochondrial activity in LGN and total energy 
of the LGN is therefore decreased.26
The decrease in neuronal density in G3 (Trial 52pn) showed 
that even taking the rats back into normal condition would not 
improve the changes caused by light deprivation. This highlights 
that the constant effect of light deprivation is critical during 
sensitive periods. Cell death occurred in LGN causing a constant 
decrease in neuronal density which was accompanied by decreases 
in volume and length of LGN in G3 (Trial 52pn). Carlson et al. in 
1987 observed that short term binocular light deprivation caused 
deep constant changes in neuronal number and neuronal activity 
of the visual system in primates.27 
While Nucci et al. reported that cell death causes an irreversible 
decrease in neuronal number of LGN, but the changes are reversible 
if visual deprivation ends when critical sensitive period starts.6 
Results of CO in G3 (Trial 52pn) showed lower neuronal activity 
of LGN compared to G4 (Control 52pn). This indicates that Ad 
Libitum for 15 days increased neuronal activity of the remaining 
neurons in LGN. However, increased neuronal activity level could 
have also been caused by compensatory mechanisms. The recovery 
of LGN neuronal activity showed capabilities that the remaining 
neurons could possibly compensate apoptotically lost neurons.6 In 
addition, it has been reported that increased synaptic density after 
LD and Light exposure causes the neuronal activity of LGN to be 
increased.28,29
Conclusion
Overall, it could be concluded that total light deprivation during 
critical periods would result in the loss of neurons and neuronal 
activity in visual areas specifically LGN which directly receives 
input from both retinas.
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